BACKGROUND: Among subjects with endometriosis and deep dyspareunia (DD), those with endometriosis of the uterosacral ligament (USLE) have the most severe impairment of sexual function. This study examines the effect of laparoscopic excision of endometriosis on DD and quality of sex life. METHODS: This observational cohort prospective study included 68 women with endometriosis suffering DD (intensity of pain 6 on a 10-cm visual analogue scale). Patients underwent laparoscopic full excision of endometriosis. Following surgery, they were asked to use nonhormonal contraception devices. Before surgery, at 6-and at 12-month follow-up, patients answered a self-administered questionnaire based on the Sexual Satisfaction Subscale of the Derogatis Sexual Functioning Inventory. RESULTS: At 6-and 12-month follow-up, women with and without USLE had significant improvement in DD. Subjects with USLE reported increased variety in sex life, increased frequency of intercourse, more satisfying orgasms with sex, relaxing more easily during sex and being more relaxed and fulfilled after sex. Similar improvements were observed among women without USLE; however, for some variables statistical significance was not reached. CONCLUSIONS: Surgical excision of endometriosis improves not only DD but also the quality of sex life.
Introduction
Pain is one of the major concerns of women with endometriosis and it can affect quality of life in numerous ways. Dyspareunia with deep penetration is a frequent component of endometriosis associated-pain. It affects between 60% and 79% of the patients undergoing surgery (Fauconnier et al., 2002; Chopin et al., 2005; Ferrero et al., 2005; Nardo et al., 2005) and between 53% and 90% of those using medical therapies (Fedele et al., 2001; Vercellini et al., 2002) . More than 50% of women with endometriosis have suffered deep dyspareunia (DD) during their entire sex lives (primary DD) .
When dyspareunia is referred to the rectum or lower sacrococcygeal area, it suggests rectovaginal or uterosacral ligament involvement (Howard, 2000) . In particular, several studies correlated DD with the presence of endometriosis of the uterosacral ligaments (USLE) (Porpora et al., 1999; Fauconnier et al., 2002) . This correlation is consistent with the presence of a considerable amount of nerve tissue within the uterosacral ligaments (Campbell and Arbor 1950; Butler-Manuel et al., 2000; Butler-Manuel et al., 2002) ; dyspareunia may be related to the stimulation of pain fibers by traction of scarred inelastic tissues (Fauconnier et al., 2002) and by pressure on endometriotic nodules embedded in fibrotic tissues. Furthermore, it is known that neural invasion by endometriotic lesions is correlated with the intensity of pain (Anaf et al., 2000) .
Dyspareunia has been associated with a negative attitude toward sexuality, anxiety and avoidance of intercourse (Meana et al., 1997; Jones et al., 2004) . Women with dyspareunia, not surprisingly, have lower frequency of intercourse and lower levels of desire and arousal and experience fewer orgasms (Laumann et al., 1999) .
We previously demonstrated that sexual life is severely impaired among subjects with endometriosis suffering DD . In particular, women with USLE have the most severe impairment of sexual function, having higher intensity of pain and less satisfying orgasms than subjects without this type of lesion .
Several studies demonstrated that both laparoscopic excision of endometriotic nodules (Reich et al., 1991; Chapron et al., 1999; Garry et al., 2000; Abbott et al., 2004; Thomassin et al., 2004) and medical therapies (Crosignani et al., 1996; Fedele et al., 2001; Vercellini et al., 2002; Zupi et al., 2004; Abbamonte et al., 2005; Crosignani et al., 2006; Vercellini et al., 2005; Schlaff et al., 2006) are effective in the treatment of DD; however, the quality of sexual life after medical or surgical treatment of endometriosis has not been deeply investigated. In a recent observational cohort study (Ferrero et al., in press), we proved that laparoscopic full excision of endometriosis combined with 6 months of post-operative triptorelin (GnRH agonist) administration not only effectively treat DD but also improves the quality of sex life. Although the post-operative GnRH analogue administration may delay recurrence after surgery (Hornstein et al., 1997; Vercellini et al., 1999) , patients included in our study underwent a combined surgical and medical therapy; therefore, it was not possible to define the specific role of laparoscopic excision of endometriosis on the efficacy of treatment.
The current study aims to examine DD and quality of sex life in women who underwent complete laparoscopic excision of endometriosis and did not receive any post-operative medical treatment.
Materials and methods
This observational cohort prospective study included women with endometriosis suffering DD who underwent laparoscopy at our institution. All patients underwent surgery because of pain symptoms related to the presence of endometriosis (dysmenorrhoea, nonmenstrual pelvic pain, DD, dyschezia).
Only sexually active women (having had sexual intercourse in the past 12 months and at least one intercourse in the past month) with suspected endometriosis were invited to participate to the study. Before invitation to participate in the study, patients were asked to rate the intensity of DD by using a 10-cm visual analogue scale (VAS); the left extreme represented the absence of pain, and the right extreme represented the worst possible pain. Only women having intensity of DD 6 on the VAS scale were included in the study. Infertile patients and women who underwent bowel resection for endometriosis were excluded from the study.
None of the patients had used oral contraceptives or progestagens in the 2 months before surgery, or GnRH analogues or danazol (synthetic form of testosterone) in the 6 months before laparoscopy. No patient had signs of pelvic inflammatory disease at the time of surgery. No patient had interstitial cystitis; when symptoms suggestive of interstitial cystitis (pressure, frequency, nocturia and urgency without dysuria) were present, this condition was ruled out on the basis of cystoscopic findings. All women included in the study were heterosexual.
If after surgery patients did not want to conceive, they were asked to use nonhormonal contraception devices for 1 year.
The study was reviewed and approved by the local Institutional Review Board. The aim of the study was explained to patients; in particular, they were informed that the use of nonhormonal contraception devices following surgery was important to determine the effects of surgery on sexual life. A written informed consent was signed by the patients enrolled in the study.
Surgical treatment
SAll women were operated by the same surgeon (R.V.); during surgery, all visible endometriotic lesions were removed. The extent of endometriosis was scored according to the revised classification of the American Fertility Society (rAFS) (American Fertility Society, 1985) . The location of all endometriotic lesions was recorded; in particular, patients were classified according to the presence or absence of USLE independently from the presence and extent of other endometriotic lesions. All the specimens removed during surgery were histologically examined.
Evaluation of DD and sexual function DD was defined as genital pain on deep penetration. The presence of superficial dyspareunia occurring in or around the vaginal entrance and characterized by discomfort early in intercourse was not evaluated in the current study.
On the day before surgery, during the hospital stay, patients were invited to participate to the study by a female doctor (A.L.H.). Patients agreeing to participate in the study were informed that data were used for research and that a post-operative follow-up would have been performed. Each patient answered a self-administered sexual function questionnaire in a silent room where she was alone. The questionnaire was returned to the doctor in a sealed envelope; a reference number (and not the name of the patient) was written on the questionnaire to identify the case. Final inclusion in the study was performed at the time of post-operative control (about 7 days after surgery), when the definitive histological diagnosis of endometriosis was available.
The sexual function questionnaire was previously described Ferrero et al., in press ). This questionnaire is based on the Sexual Satisfaction Subscale of the Derogatis Sexual Functioning Inventory (DSFI) (Derogatis and Melisaratos, 1979) . The DSFI is a multidimensional measure of various aspects of psychological and sexual function, which comprises 10 subscales. Single subscales can be chosen to suit specific research design; the Sexual Satisfaction Subscale consists of nine items reflecting the individual level of sexual fulfilment. The DSFI has been found to have high internal and test-retest reliability as well as discriminative validity (Derogatis and Melisaratos, 1979; Herold, 1985) . Additional questions were created to evaluate the characteristics of sex life and DD. All questions were answered on a 6-point Likert's scale, where 1 ¼ 'strongly disagree' and 6 ¼ 'strongly agree', the other anchor points were moderately and mildly disagree and agree.
Patients were also asked to rate their overall level of sexual satisfaction on a 9-point scale anchored at the lower extreme by 'could not be worse' and at the upper limit by 'could not be better' (Global Sexual Satisfaction Index, GSSI).
Patients were asked to answer all the questions with respect to the two months before surgery.
In addition, all patients answered questions on marital status, years of education and age at first sexual intercourse.
Follow-up was performed at 6 and 12 months from surgery during follow-up consultation at our clinic.
Statistical analysis
Statistical analysis was performed by using the Mann-Whitney U-test and x 2 -test. A post-hoc intention-to-treat (ITT) analysis was performed. The intent-to-treat population included all patients who underwent laparoscopy (Figure 1 ), the end-point was an improvement in the intensity of DD by 4 points on the VAS scale. A Bonferroni correction was applied to the significance levels obtained in order to determine whether the observed significant differences in characteristics of sex life may have occurred due to multiple analyses. Calculations were performed using the Statistical Package for the Social Sciences (SPSS) software (release 10.0.5, SPSS Inc., Chicago, IL, USA). A P value ,0.05 was considered statistically significant.
Results
Of the 100 sexually active women approached for the study, 73 accepted to participate, yielding a response rate of 73.0%. Two women did not have surgical/histological confirmation of endometriosis. Two patients conceived before the 6-month follow-up and one patient started oral contraception at 3 months from surgery; these patients were excluded from the study.
The remaining 68 women represent the study population; their demographic characteristics are listed in Table I . Fiftynine women (86.8%) had rASF stage III -IV and 9 women had rASF stage I-II. Forty-four (64.7%) women had USLE.
Before surgery, the mean (+SD) intensity of DD in the study population was 7.6 + 1.1; subjects with USLE had significantly higher intensity of pain than women without this type of lesion (P ¼ 0.010). No significant difference was observed in the intensity of DD among subject with monolateral (n ¼ 28; pain intensity, 7.8 + 1.1) and bilateral (n ¼ 16; pain intensity, 8.0 + 1.1) USLE (P ¼ 0.608).
Only 52 patients completed the 12-month follow-up because 7 women conceived, 6 started oral contraception, two women did not have a sexual partner at one year from surgery and one woman was lost at follow-up.
At both 6-and 12-month follow-up, a significant improvement in the intensity of DD was observed in subjects with and without USLE (Table II) . At 12-month follow-up, 79.4% (27/34) of women with USLE and 77.8% (14/18) of women without USLE had an improvement in the intensity of DD 4 points on the VAS scale. At 12-month follow-up, 79.4% (27/34) of women with USLE and 77.8% (14/18) of woman without USLE had an improvement in the intensity of DD 4 points on the VAS scale; among the other patients, only two women with USLE and one woman without USLE had the intensity of DD . 7.
For the ITT analysis, an improvement in the intensity of DD 4 points on the VAS scale at 12-month follow-up was achieved in 56.2% of the population (41/73), in 58.7% (27/46) of the subjects with USLE and in 56.0% (14/25) of those without USLE.
Significant improvements in sex life were observed at both 6-month and 12-month follow-up in subjects with USLE (Table III) ; these patients had increased variety in sexual life, increased frequency of intercourse, relaxed easier during sex, had more satisfying orgasms with sex and were more relaxed and fulfilled after sex. Similar improvements were observed among women without USLE (Table IV) , however for most variables statistical significance was not reached possibly due to the limited number of cases at 12-month follow-up (n ¼ 18) and to the Bonferroni correction for multiple comparisons. Before surgery, 57.4% of the women (39/68) had frequently to interrupt the intercourse because of pain; at 12-month follow-up only 7.7% of the patients (4/52) reported this complaint (P , 0.001). Significant improvements in the GSSI were observed at 6-and 12-month follow-up both in women with and without USLE (Figure 2 ).
Discussion
This prospective study demonstrates that the complete laparoscopic excision of endometriotic lesions not only decreases the prevalence and intensity of DD, but also improves the quality of sexual life. Over 75% of the patients who completed the 12-month follow-up reported significant improvements in the intensity of DD (4 points on the VAS scale) independently from the presence of USLE at surgery. These findings were limited by the number of patients (n ¼ 21, 28.8%) who dropped out of the study, mainly because they conceived or desired to begin oral contraception. However, a post-hoc ITT analysis proved the efficacy of surgery at 12-month follow-up in at least 55% of the subjects.
Several improvements in sexual function were observed; they were demonstrated not only by the Sexual Satisfaction Subscale of the DSFI (which reveals the respondent's quality of sexual functioning in psychometric terms) but also by the GSSI (which reflects the individual's subjective perception of her sexual behaviour). Improvements in sexual life were observed in women with USLE and, at a lower extent, in those without USLE; this finding suggests that lesions of the uterosacral ligament are not the only determinants of DD in women with endometriosis. Recto-vaginal endometriotic lesions and adhesions (periovarian or in the cul-de-sac) may contribute to painful intercourse. After surgery, women with USLE, but not those without this type of lesions, reported an increased variety in sexual life. This observation suggests that USLE may determine DD particularly when patients have intercourse in positions that increase the traction of the uterosacral ligament and the pressure on the nodules. Steege et al. (2005) suggested that the cross-wise position may facilitate intercourse in women with endometriosis suffering DD because it allows ready control over angle and depth of vaginal penetration.
Our findings are in line with previous studies documenting significant improvements in DD after surgical excision of endometriosis (Redwine and Wright, 2001; Abbott et al., 2004; Angioni et al., 2006) . Recently, in a series of 104 women with endometriosis suffering DD, Chopin et al. (2005) reported a significant improvement of pain (over 4 points on a VAS scale) at the median follow-up of 3.3 years from surgery. Although several studies investigated the effect of medical and surgical therapy on DD; little attention has been given to the changes in sexual function after medical or surgical treatment. (n ¼ 24) (n ¼ 18) All subjects 7.6 + 1.1 2.7 + 1.9 ,0.001
USLE, endometriosis of the uterosacral ligaments; a P versus baseline. b Statistical analysis was performed comparing the intensity of DD at 12-month follow-up to baseline values of these subjects (data not presented). c P ¼ 0.01 versus without USLE. Table III . Sexual function at baseline and at follow-up in women with USLE Baseline (n ¼46)
6-month follow-up (n ¼44) All questions, except number 9, were answered on a 6-point Likert's scale (where 1 ¼ 'strongly disagree' and 6 ¼ 'strongly agree'). Data are presented as mean + SD. a Statistical analysis was performed comparing scores at 12-month follow-up to baseline values of subjects who completed this follow-up (mean and SD not presented). b Significant after Bonferroni correction for multiple comparisons (P , 0.05). Vercellini et al. (2002) used the revised Sabbatsberg Sexual Rating Scale to compare the effect of cyproterone acetate and contraceptive pill on sex life after conservative surgery for symptomatic endometriosis. After 6 months of treatment, a mild improvement of sexual life was observed but no significant difference was detected between the two treatment groups. A limitation of the study was the fact that, although this self-administered questionnaire evaluates various aspects of sexual life (including libido, arousal or pleasure, orgasm capacity and satisfaction), no details were provided on the characteristics of sex life and only the total scores were reported.
P-value
In a prospective study investigating the effect of radical laparoscopic excision of endometriosis on quality of life indicators, Garry et al. (2000) used a sexual activity questionnaire developed by Thirlaway et al. (1996) to investigate the impact of long-term tamoxifen treatment on the sexual functioning of women at high risk of developing cancer. The authors observed that the excision of endometriotic lesions significantly improved quality of sexual function at 4-month follow-up. These observations were subsequently confirmed by the same authors in the post-operative follow-up of 39 patients who underwent full excisional surgery for endometriosis (Abbott et al., 2004) . However, the questionnaire used in these two All questions, except number 9, were answered on a 6-point Likert's scale (where 1 ¼ 'strongly disagree' and 6 ¼ 'strongly agree'). Data are presented as mean + SD.
a Statistical analysis was performed comparing scores at 12-month follow-up to baseline values of these subjects (data not presented). b Significant after Bonferroni correction for multiple comparisons (P , 0.05). Figure 2 . Results of the Global Sexual Satisfaction Index (GSSI). GSSI asks subjects to self-rate their overall level of sexual satisfaction on a scale of 0-8. At 6-month and 12-month follow-up, the GSSI was significantly increased in women with and without USLE when compared with baseline values. studies investigates only three aspects of sexual life: pleasure from sexual intercourse, discomfort during sexual intercourse and habit. We are aware that our study has some limitations. Patients included in the study underwent laparoscopy in a referral centre for the treatment of endometriosis, and not surprisingly over 85% of the patients had rASF stage III -IV. Obviously, the characteristics of sexual life of this group of women may not be identical to those of all patients with endometriosis. Another possible criticism of our study is the fact that the determination of sexual function using a questionnaire may be difficult, and we did not use the complete DSFI which has been psychometrically validated (Derogatis and Melisaratos, 1979; Herold, 1985) . The length of the questionnaire, however, has made it unsuitable for routine clinical practice. In light of this, we used a questionnaire based on the Sexual Satisfaction Subscale of the DSFI, followed by the GSSI and by additional questions on the characteristics of DD; this questionnaire has previously been used in other studies Ferrero et al., in press) . A further possible criticism concerning our study is that this was not a randomized placebo-controlled study; therefore, a placebo effect of surgery on DD and sexual life cannot be excluded. However, it seems unlikely that this placebo effect may persist at one year from surgery invalidating the results.
A strength of our study is that the patients using hormonal contraception were excluded from the analysis. This exclusion criterion is particularly relevant because oral contraception not only can improve DD in women with endometriosis but it can also affect sexual function (Vercellini et al., 2002; Caruso et al., 2005; Guida et al., 2005; Vercellini et al., 2005) .
In conclusion, the current study provides evidence that surgical removal of endometriotic lesions not only improves DD but also the quality of sex life. Future investigations should determine whether these improvements persist at long-term follow-up. In addition, it would be interesting to compare the improvements in quality of sexual life determined by surgery with the effects of medical treatment alone.
